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DESCRIPTION 

METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE AND 
METHOD OF ETCHING AN INSULATING FILM 

Technical Field 

[0001] This invention relates to a method of manufacturing a semiconductor 
device including a process of etching an insulating layer. 

Background Art 

[0002] In the semiconductor device manufacturing process, etching is carried 
out without exception. For example, in the case of manufacturing a field-effect 
transistor as a semiconductor device, an insulating film such as a silicon oxide 
film being a material of an interlayer insulating film is formed with contact holes 
by reactive ion etching upon carrying out wiring to a source and a drain, and 
electrodes or metal wires are applied to such opened contact holes. 
[0003] In this case, the contact resistance at the bottom of the contact hole 
increases in inverse proportion to the contact diameter if the resistivity of the 
underlying silicon is constant. Accordingly, as the miniaturization and 
integration of a semiconductor device advance more and more so that the 
contact diameter is further reduced, the resistivity at the contact bottom tends to 
increase. Particularly, in the case of forming a contact hole by normal reactive 
ion etching, the underlying silicon is subjected to damage when the underlying 
silicon is exposed upon completion of the etching of an oxide film. This is 
because high-energy ions are irradiated onto the underlying silicon and, as a 
result, impurities such as boron or phosphorus doped in the silicon are 
inactivated so that the resistivity of the underlying silicon increases. 
Particularly, since boron serving as impurities for forming a p+ layer has 
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dangling bonds, it tends to be inactivated much more easily as compared with 
phosphorus or arsenic. Therefore, if this p+ layer is subjected to ion irradiation, 
it nearly becomes a p layer due to the inactivation. As a consequence, the 
resistivity of the underlying silicon increases. 

[0004] In order to prevent the increase in resistivity of the underlying silicon 
due to the ion irradiation as described above, proposal has been made of a 
method of introducing a damage removal process after the etching. This 
method is a technique that, after contact hole etching and a resist removal 
process, removes by chemical dry etching a damaged layer in which carriers 
are inactivated, carries out ion implantation for doping impurities at high 
concentration again, and further carries out activation annealing. 
[0005] Further, as another conventional technique for solving a problem 
following the increase in resistivity, damage-free two-step etching is proposed, 
for example, in "The Ninth International Symposium on Semiconductor 
Manufacturing, Proceeding of ISSM2000, pp.102-105, Tokyo, September 2000," 
(hereinafter referred to as Prior Art 1). According to this technique, in order to 
reduce ion irradiation damage to the underlying silicon and further not to 
increase an etching time, etching is carried out by setting a self-bias voltage 
(Vdc) to -500V to -600V for 90% of a contact hole while etching is carried out by 
setting Vdc = -1 50V for the remaining 10% of the contact hole. In this event, 
an introducing gas for use in plasma excitation is Xe, C4F8, CO, or O2. 

Disclosure of the Invention 

Problem to be Solved by the Invention 

[0006] Of the two conventional solving means as described above, the method 
of removing the damaged layer after the etching has had a problem that causes 
an increase in the number of manufacturing processes amounting to several 
tens of processes including the impurity doping after the removal, the activation 
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annealing, and cleaning which is carried out between them, resulting in an 
increase in TAT (Turn Around Time) and an increase in cost. 
[0007] On the other hand, with respect to the damage-free two-step etching, it 
was found that various problems occur according to the study and 
experimentation by the present inventors wherein contact hole formation was 
carried out by the damage-free two-step etching using an etching gas 
containing carbon (C) and fluorine (F) described in Prior Art 1 . 
[0008] It has been found that when 90% of a contact hole is at first etched with 
a self-bias (Vdc) of -500 to -600V and then the remaining 10% of an oxide film 
is etched by setting Vdc = -150V, fluorocarbon-based radicals containing carbon 
with a high adhesion probability reach a side wall of the contact hole without 
being subjected to impact of high-energy ions and are deposited on the side 
wall as they are during the remaining 10% oxide film etching. It has been 
found that, as a result of this, an etching gas does not reach the bottom of the 
contact hole while radicals containing much fluorine with an adhesion probability 
smaller than that of carbon selectively reach the bottom of the contact hole. 
[0009] Accordingly, there has been observed a phenomenon that when the 
underlying silicon is exposed, a strong fluorocarbon film adapted to protect the 
underlying silicon from the ion impact is not formed at the bottom of the contact 
hole. 

[001 0] It has been found that there is a problem that if the etching is carried 
out in this state, the underlying silicon is inevitably etched and therefore, the 
etching selectivity to the underlying silicon (oxide film etching rate/underlying 
silicon etching rate) cannot be ensured. Simultaneously, it has been found that 
the etching selectivity to a photoresist (oxide film etching rate/photoresist 
etching rate) is also degraded. 

[0011] It is therefore an object of this invention to provide a damage-free 
etching process technique that does not require a damaged layer removal 
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process and further that ensures high photoresist selectivity and high silicon 
selectivity. 

[0012] It is another object of this invention to provide a method of 
manufacturing a semiconductor device and an etching method that can prevent 
the underlying silicon from being undesirably etched. 
[001 3] It is still another object of this invention to provide a method of 
manufacturing a semiconductor device and an etching method that can 
efficiently form a fluorocarbon film at the bottom of a contact hole to thereby 
reduce a change in resistivity at the bottom of the contact hole. 

Means for Solving the Problem 

[0014] According to this invention, it is provided a method of manufacturing a 
semiconductor device or an method of etching an insulating film including an 
etching step of opening a contact hole in an insulating film by reactive ion 
etching, the method of manufacturing a semiconductor device or the method of 
etching an insulating film wherein the etching step includes a first step of 
carrying out etching at a predetermined rate and a second step of carrying out 
etching at a rate lower than the rate, the second step is carried out after the first 
step but before an underlayer is exposed by the opening, and a gas with a 
composition and a supply amount which differ from at least one of a 
composition and a supply amount of a gas supplied in the first step is supplied 
in the second step. 

[0015] The contact hole may be formed in the insulating film on at least one of 

a source region and a drain region of a field-effect transistor. 

[0016] The insulating film may be a silicon oxide film. 

[0017] It is preferable that the supply gas contain at least C and F and the 

supply amount of the supply gas be reduced in the second step as compared 

with that in the first step. 
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[0018] Alternatively, it is preferable that the supply gas contain a gas 
containing C and F, and oxygen (O2) and a supply amount of the oxygen be 
reduced in the second step as compared with that in the first step or a supply 
amount of the gas containing C and F be reduced in the second step as 
compared with that in the first step, or both be reduced. 
[0019] The supply gas contains a gas containing C and F, and oxygen and a 
composition composed of the gas containing C and F and the oxygen may be 
changed in the second step from that in the first step. 

[0020] It is preferable that the etching be carried out for part, for example, 90%, 
of the final depth of the opening in the first step and the second step be carried 
out thereafter. However, the switching depth may be 80% to 95% and may be 
determined in consideration of the total etching time (the second step takes 
more time), the thickness of a deposit on the wall surface (more difficult to 
adhere in the second step), the protection of the surface of the underlayer, and 
so on. Essentially, switching to the second step is carried out before the 
completion of the etching, i.e. before the exposure of the surface of the 
underlayer. 

[0021] The reactive ion etching is preferably carried out by a microwave- 
excited plasma processing apparatus and the power of plasma excitation is 
reduced in the second step as compared with that in the first step. 
[0022] The composition and supply amount of the gas supplied in the second 
step are preferably selected so that the thickness of a deposit on a side wall of 
the opening becomes 10% or less of the diameter of the opening. Further, the 
composition and supply amount of the gas supplied in the second step are 
preferably selected so that a protective film is formed on the surface of the 
underlayer at the opening. This protective film formed on the surface of the 
underlayer is preferably a fluorocarbon film. 

[0023] Alternatively, this invention provides a method of manufacturing a 
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semiconductor device or an etching method including a step of carrying out 
etching by the use of a gas, the method of manufacturing a semiconductor 
device or the etching method characterized by changing at least one of a 
composition and a flow rate of the gas during the etching and finishing the 
etching in the state where the surface of an underlayer is protected. 
[0024] The etching by the gas of which the at least one of the composition and 
flow rate is changed can prevent inactivation of boron on the surface of the 
underlayer. 

[0025] In this invention, upon forming a contact hole by reactive ion etching, a 
strong fluorocarbon film can be formed at the bottom of the contact hole. As a 
result, it is possible to prevent inactivation of doped impurities due to excessive 
exposure of silicon to ions at the bottom of the contact hole and thus also 
prevent an increase in resistance due to inactivation of the impurities. 

Brief Description of the Drawings 
[0026] 

[Fig. 1] Fig. 1 is a graph showing the relationships between the oxide film 
etching rate and the CsFs gas flow rate when the additive O2 flow rates are 
Osccm, 2.5sccm, 5sccm, lOsccm, and 15sccm. 

[Fig. 2] Fig. 2 is a graph showing the relationships between the fluorocarbon film 
deposition amount on a side wall of a contact hole and the C5F8 flow rate when 
the additive O2 flow rates are 1sccm, 2sccm, 3sccm, and 5sccm. 
[Fig. 3] Fig. 3 is a sectional view showing a schematic structure of a microwave- 
excited plasma processing apparatus with two-stage shower plate structure 
using a radial line slot antenna. 

[Fig. 4] Fig. 4 is a sectional view showing the state of a field-effect transistor, 

before etching, according to Example 1 of this invention. 

[Fig. 5] Fig. 5 is a sectional view showing the state of the field-effect transistor, 
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after a first etching process, according to Example 1 of this invention. 
[Fig. 6] Fig. 6 Is a sectional view shov\^ing the state of the fleld-efTect transistor 
during the manufacture, after a second etching process (damage-free etching), 
according to Example 1 of this invention. 

[Fig. 7] Fig. 7 is a sectional view showing the state of the field-effect transistor 
during the manufacture, after ashing, according to Example 1 of this Invention. 
[Fig. 8] Fig. 8 is a sectional view of the field-effect transistor obtained by a 
manufacturing method according to Example 1 of this invention. 

Best Mode for Carrying Out the Invention 

[0027] At first, the principle of this invention will be described in order to 
facilitate understanding of this invention. 

[0028] Referring to Fig. 1 , there are shown the relationships between the 
etching rate of a silicon oxide film and the C5F8 flow rate in a high-rate etching 
mode (Vdc = -550V). There is shown the etching rate (nm/min) of the silicon 
oxide film while adding oxygen (O2) as an additive gas to C5F8 and changing 
the O2 flow rate and the C5F8 flow rate. In the example of the figure, the 
relationships between the C5F8 flow rate and the etching rate when the O2 flow 
rate is changed from Osccm to 2.5, 5, 10, and 15sccm are shown by curves c1 
to c5, respectively. Herein, 1sccm represents a flow rate at which 1cm^ of a 
gas in the standard state flows per minute. 

[0029] As clear from the curve c4, in order to carry out high-rate etching with 
the etching rate being approximately 700nm/min or more, the C5F8 flow rate is 
required to be 1 0sccm or more in the case of O2 = 1 0sccm. On the other hand, 
as shown by the curve c5, the C5F8 flow rate is required to be 8sccm or more in 
the case of O2 = 15sccm. However, since it has been found that the selectivity 
to a photoresist is degraded when the O2 flow rate exceeds approximately 
1 0sccm, the high-rate etching may be carried out by setting approximately C5F8 
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= lOsccm and O2 = lOsccm. 

[0030] The present inventors carried out high-rate etching for 90% of a contact 
hole under the foregoing conditions and then carried out etching for the 
remaining 10% of the contact hole under the conditions different from the high- 
rate etching. In this manner, it was possible to prevent the underlying silicon 
from being damaged. 

[0031] At first, before describing the processes of this invention, the etching 
was carried out by reducing an absolute value of the self-bias voltage, in the 
high-rate etching conditions, to 200V (Vdc = -200V), as described in the 
foregoing Prior Art 1. In this case, fluorocarbon-based radicals containing 
carbon with a high adhesion probability, that reached a side wall of the contact 
hole, were deposited on the side wall as they were without being subjected to 
impact of high-energy ions. As a result, an etching gas did not reach the bottom 
of the contact hole. Therefore, radicals containing much F with an adhesion 
probability smaller than that of C selectively reach the bottom of the contact 
hole. Thus, when the underlying silicon is exposed, a strong fluorocarbon film 
adapted to protect the underlying silicon from the ion impact is not formed. 
[0032] It has been found that if the etching is carried out in the state where no 
strong fluorocarbon film is formed, the underlying silicon is also etched so that 
the etching selectivity to the underlying silicon (oxide film etching 
rate/underlying silicon etching rate) cannot be ensured. Simultaneously, it has 
also been found that when the C5F8 flow rate is reduced, the deposition of the 
fluorocarbon film on the side wall is also reduced. 
[0033] In view of this, the present inventors discussed a technique for 
adhering a strong fluorocarbon film at the bottom of a contact hole and have 
found that, in order to adhere the fluorocarbon film at the bottom of the contact 
hole, it is necessary not only to merely change the self-bias, but also to change 
the composition and flow rate of a supply gas. 
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[0034] Taking this into account, the composition and flow rate of a supply gas 
are selected so that the thickness of a deposit such as a fluorocarbon film on 
the side wall does not exceed approximately 10% of the diameter of the contact 
hole. Alternatively, the composition and flow rate of a supply gas are selected 
so that a protective film such as a fluorocarbon film adheres at the bottom of the 
contact hole. 

[0035] Referring to Fig. 2, there are shown the relationships between the 
deposition rate of a fluorocarbon film on a side wall of a contact hole having a 
diameter of 0.35|jm and the C5F8 flow rate when Vdc = -200V. Fig. 2 shows 
the relationships between the C5F8 flow rate and the fluorocarbon deposition 
thickness (pm) when the O2 flow rates added to C5F8 are 1sccm, 2sccm, 3sccm, 
and 5sccm (graphs ca1, ca2, ca3, and ca4, respectively). The etching time is 
a time required for etching the contact hole remainder (approximately 10nm). 
It has been found that when the thickness of the deposit on the side wall is 
0.04|jm or less, i.e. is approximately 10% or less of the contact hole diameter, 
radicals with a large ratio of carbon sufficiently reach the bottom of the contact 
hole so that a fluorocarbon film is formed at the bottom of the contact hole to 
protect the underlying silicon from the ion impact. 

[0036] Specifically, in Fig. 2, the deposition thickness can be made 0.04pm or 
less by setting the C5F8 flow rate to 6sccm or less and the O2 flow rate to 3 to 
5sccm (graphs ca3 and ca4). Further, if the C5F8 flow rate is set to 4sccm or 
less, the fluorocarbon deposition thickness can be made 0.04pm or less by 
changing the O2 flow rate within the range of 1 to 5sccm (graphs cal to ca4). 
Therefore, by carrying out the low-rate etching with the composition of the 
supply gas changed after carrying out the high-rate etching, it is possible to 
cover the bottom of the contact hole with the strong fluorocarbon film. 
[0037] To summarize the foregoing results, after carrying out the high-rate 
etching by setting the C5F8 flow rate to lOsccm and the O2 flow rate to 
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approximately lOsccm so as not to degrade the resist selectivity, the damage- 
free etching is carried out. It has been made clear that this damage-free 
etching can be realized by reducing the C5F8 flow rate so as to suppress the 
side wall deposition and, further, also reducing the O2 flow rate so as to protect 
the underlying silicon. According to this technique, the contact hole etching 
can be carried out without extremely increasing the etching time and without 
occurrence of damage. As described above, In the damage-free etching, it is 
necessary not only to change the self-bias voltage that determines the ion 
energy, but also to change the gas composition (flow rate) simultaneously. 
[0038] Hereinbelow. an embodiment of this invention will be described with 
reference to the drawings. 

[0039] Fig. 3 shows a schematic structure of a microwave plasma processing 
apparatus for Reactive Ion Etching (RIE) process for use in an Example of this 
invention. 

[0040] The microwave plasma processing apparatus has a process chamber 
10 that is evacuated through a plurality of exhaust ports 8. In the process 
chamber 10, a holding platform 14 for holding a processing substrate 12 is 
provided. In order to realize uniform evacuation of the process chamber 10, a 
space is formed in a ring shape around the holding platform 14 and the plurality 
of exhaust ports 8 are arranged at regular intervals, i.e. axisymmetrically to the 
processing substrate 12, so as to communicate with the space. Thereby, the 
process chamber 10 can be uniformly evacuated through the foregoing space 
and exhaust ports 8. 

[0041] At the upper portion in the process chamber 10, a plate-shaped shower 
plate 20 made of a low-loss dielectric and formed with a number of opening 
portions (gas ejection openings) 15 is provided, as part of an outer wall of the 
process chamber 10, through a seal ring at a position corresponding to the 
processing substrate 12 on the holding platform 14. Further, a cover plate 22 
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made of, similarly, a low-loss dielectric is provided through another seal ring on 
the outer side of the shower plate 20, i.e. on the side opposite to the processing 
substrate 12. 

[0042] A space 23 for filling a plasma excitation gas therein is formed on an 
upper surface of the shower plate 20 and the plurality of opening portions 15 
are each formed so as to communicate with the space 23 forming a plasma gas 
passage. Further, inside the shower plate 20 is formed a plasma gas supply 
^ passage 26 communicating with a plasma gas supply port 24 provided in the 
outer wall of the process chamber 1 0. The plasma excitation gas such as Ar or 
Kr supplied to the plasma gas supply port 24 is supplied to the opening portions 
15 from the supply passage 26 through the space 23 and introduced into the 
process chamber 10. 

[0043] In the illustrated plasma processing apparatus, a shower head 28 
made of a conductor is provided between the shower plate 20 and the 
processing substrate 12 in the process chamber 10. This is also called a 
lower-stage shower plate and, in this case, the shower plate 20 at the upper 
portion is called an upper-stage shower plate. A process gas (e.g. a gas 
containing C5F8 and O2) is introduced into the inside of the lower-stage shower 
plate 28 from a non-illustrated external process gas supply system and ejected 
into a lower space, i.e. a space between the lower-stage shower plate 28 and 
the processing substrate 12, through a number of nozzles or gas ejection 
openings 29 provided at a lower portion of the lower-stage shower plate 28. 
The lower-stage shower plate 28 is provided with a number of openings 25 
between the nozzles 29 and a plasma formed in a space between the upper- 
stage shower plate 20 and the lower-stage shower plate 28 is diffused over the 
surface of the processing substrate 12 through the openings 25. 
[0044] The process gas ejected toward the processing substrate 12 from the 
nozzles 29 of the lower-stage shower plate 28 is excited by the foregoing 
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plasma on the processing substrate 12 so that etching of the processing 
substrate 12 is carried out. The plasma excitation gas from the upper-stage 
shower plate 20 flows toward the space between the lower-stage shower plate 
28 and the processing substrate 12 from the space between the upper-stage 
shower plate 20 and the lower-stage shower plate 28. Accordingly, the 
process gas is suppressed from flowing into the space between the lower-stage 
shower plate 28 and the processing substrate 12 and thus is prevented from 
occurrence of unnecessary dissociation caused by exposure to the high-density 
plasma there. 

Example 1 

[0045] This Example 1 is an example in which this invention is applied to the 
manufacture of a P-channel field-effect transistor shown in Fig. 4. 
[0046] Specifically, the illustrated P-channel field-effect transistor has a 
photoresist 38 formed with a resist pattern at regions where a source contact 
hole and a drain contact hole should be respectively formed in an insulating film 
37 formed on the surface. Specifically, the illustrated P-channel field-effect 
transistor comprises source and drain regions 33 and 34 formed in an N well 31 
formed on a p-type silicon substrate 30. The illustrated source region 33 and 
drain region 34 each have a two-layer structure of a p- silicon region 301 and a 
p+ silicon region 302 and a gate insulating film 35 is provided between the 
source region 33 and the drain region 34. A gate electrode 36 is formed on the 
gate insulating film 35. In this example, side surfaces and an upper surface of 
the gate electrode 36 are coated with an insulating film. Further, the source 
region 33, the drain region 34, and the gate electrode 36 are coated with the 
interlayer insulafing film 37 such as a silicon oxide film and the photoresist 38 
having openings at portions corresponding to the source region 33 and the 
drain region 34 is formed on the interlayer insulating film 37. 
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[0047] The silicon wafer 30 formed with many P-channel field-effect transistors 
each having the foregoing structure during the manufacture was placed on the 
holding platform 14 as the processing substrate 12 in Fig. 3. The p+ silicon 
302 of each of the source region 33 and the drain region 34 had a carrier 
concentration of 2xl0^°cm"^. The interlayer insulating film 37 was in the form 
of a silicon oxide film and had a thickness of 1 Mm. 

[0048] Referring also to Fig. 3, after placing the wafer (30 in Fig. 4) 12 on the 
holding platform 14, an Ar gas for plasma excitation was introduced at 460sccm 
through the upper-stage shower plate 20 and Ar, C5F8, and O2 were introduced 
at40sccm, lOsccm, and lOsccm, respectively, through the lower-stage shower 
plate 28. In this manner, the pressure was set to 40mTorr. 
[0049] Then, a microwave having a frequency of 2.45GH2 was fed to a radial 
line slot antenna 27 shown in Fig. 3 from a non-illustrated microwave oscillator 
to thereby excite a plasma. Then, an RF power of 500W was applied to the 
holding platform 14 from an RF power supply 21 connected to the holding 
platform 14 to produce a self-bias voltage of approximately 550V in absolute 
value so that etching is carried out in the high-rate etching mode. 
[0050] The frequency of the RF power was 2MH2 in this Example 1 , but is not 
limited thereto and, for example, 450kHz or 13.56MHz may be used. The 
etching rate of the silicon oxide film was 700nm/min. The etching rate can be 
increased by increasing the microwave power or increasing the RF power. 
[0051] As a result of carrying out the etching for 77 seconds under the 
foregoing conditions, the interlayer insulating film 37 in the form of the silicon 
oxide film was selectively etched so that contact holes 41 and 42 were partly 
formed over the source region 33 and the drain region 34, respectively, as 
shown in Fig. 5. When, as illustrated, the contact holes 41 and 42 were each 
partly formed so that the remaining depth to the surface of the source region 33 
or the drain region 34 became lOnm, damage-free etching according to this 
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invention was carried out. That is, the composition of the process gas supplied 
from the lower-stage shower plate 28 was changed from the foregoing 
composition to Ar, C5F8, and O2 being 40sccm, 5sccm, and 3sccm, respectively. 
Simultaneously, the RF power was reduced to change the self-bias voltage to 
200V in absolute value. 

[0052] Under this circumstance, the damage-free etching was carried out for 
120 seconds to open the contact holes 41 and 42 (see Fig. 6). In this event, 
as shown in Fig. 6, a fluorocarbon film 45 containing much carbon was fomied 
at the bottom of each of the contact holes 41 and 42, i.e. on the p+ silicon 302 
to thereby prevent boron serving as carriers of the p+ silicon 302 from being 
inactivated due to the ion irradiation. 

[0053] Then, by supplying the Ar gas at 660sccm from the upper-stage shower 
plate 20, supplying Ar and O2 at 40sccm and lOsccm, respectively, from the 
lower-stage shower plate 28, setting the pressure in the process chamber 10 to 
133Pa, and supplying a microwave at 2kW to the radial line slot antenna 27 to 
excite a plasma for 30 seconds, the photoresist 38, the fluorocarbon films 45, 
and non-illustrated fluorocarbon films slightly deposited in side walls of the 
contact holes were removed (see Fig. 7). 

[0054] During this process, the fluorocarbon films 45 deposited on the 
surfaces of the p+ silicon 302 are also removed and, after the removal, the 
surfaces of the p+ silicon 302 are directly exposed to the plasma. However, 
since the plasma irradiated in this event has a low electron temperature of leV 
or less, boron is not dislocated from lattice positions so as to be inactivated. 
Then, shifting to a cleaning process and a wiring process, contact plugs 48 
were formed in the contact holes 41 and 42 and metal wires 49 were further 
formed thereon. In this manner, a p-channel MOSFET was produced (see Fig. 
8). 

[0055] With respect to the p-channel insulating gate field-effect transistor thus 
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produced, although there was no damage removal process, it was able to 
maintain the carrier concentration of the p+ silicon 302 at the bottom of each of 
the contact holes 41 and 42 at approximately 2xl0^*^cm"^. This means that the 
insulating gate field-effect transistor having the low-resistance source and drain 
was realized. In this Example, there was shown the manufacturing method of 
the p-channel field-effect transistor. However, it goes without saying that this 
invention is not limited thereto and is also effective in other semiconductor 
devices where wiring is carried out by the use of contact holes. 
[0056] Further, since the optimum gas flow rate changes depending on the 
pumping speed of a pump and the residence time of a gas, the effect of this 
invention is not limited to the foregoing gas flow rates. 

Industrial Applicability 

[0057] This invention is applicable not only to the manufacture of merely p- 
channel field-effect transistors, but also to other semiconductor devices 
(including TFTs of liquid crystal display devices and so on) in which electrode 
connection or wiring is carried out by the use of contact holes. Further, this 
invention is also applicable to the manufacture of semiconductor substrates, flat 
panel display active matrix substrates, and so on. 

[0058] In the foregoing Example, the description has been made of only the 
etching gas using C5F8. However, this invention is similarly applicable even 
when various fluorocarbon gases are each used or other etching gases are 
each used. 



